Preparation of pure hectorite using microwaves  by Vicente, Isabel et al.
Available online at www.sciencedirect.com
Physics Procedia 00 (2010) 000–000 
www.elsevier.com/locate/procedia
VI Encuentro Franco-Español de Química y Física del Estado Sólido 
VIème Rencontre Franco-Espagnole sur la Chimie et la Physique de l’Etat Solide  
Preparation of pure hectorite using microwaves 
Isabel Vicente*, Pilar Salagre, Yolanda Cesteros
Departament de Química Física i Inorgànica, Universitat Rovira i Virgili, C/ Marcel·lí Domingo s/n, Tarragona 43007, Spain 
Abstract 
Hectorite, (Si8.0)[Mg6.0-x Lix](OH.F)4 O20 Mn+x/n·mH2O is a triocahedral smectite that can be used in multiple 
fields. Our objective in this work is to obtain pure hectorite by different ways (decantation, treatment with a solution 
of Na2CO3, change of the reactants ratio) and to study the influence of these procedures on the properties of purified 
samples. Samples were characterized by XRD, FTIR, N2 physisorption, TEM techniques and determination of CEC. 
Pure hectorite samples were obtained by different procedures, resulting in hectorites with different features. The 
choice of one or other would depend on the application of hectorite. 
Keywords: hectorite, microwaves, synthetic clays. 
1. Introduction 
Clay minerals are widely spread on the Earth surface. The layer of these phyllosilicates is formed by M(O, OH)6
octahedral sheets (where M=Al3+, Mg2+, Fe3+ o Fe2+) and tetrahedral sheets, mainly Si(O, OH)4 units. In both sheets 
isomorphic substitution by lower charged cations is possible and results in negatively charged layers. This charge is 
compensated by cations located in the interlamellar space. Characteristic properties of clays are the swelling of 
interlamellar space [1] and interlayer cationic exchange [2, 3]. Clays also present Brønsted acidity, related to –OH 
groups, and Lewis acidity related to interlayer cations and lamellar cations deficiently coordinated. Hectorite is a 
clay mineral with formula (Si8.0) [Mg6.0-xLix] (OH.F)4O20Mn+x/n·mH2O. Hectorite can be used as catalyst, in ionic 
adsorption and ionic exchange processes, in nanoparticles synthesis, and in nanocomposites preparation. Hectorite 
can be found in nature, however, in order to work with a reproducible material it must be synthesised. Preparation 
methods usually involve long time hydrothermal treatments, and other natural clays are still used for main 
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applications [4]. The introduction of microwave technology for clay synthesis can not only dramatically reduce the 
synthesis times, but also confer interesting properties to the prepared materials [5]. 
Microwaves belong to waves with frequency between 30000 MHz and 300 MHz. The Magnetron, device that 
produces fixed frequency microwaves, was designed during the Second World War as part of RADAR development 
[6]. In a previous work, we managed to synthesise reproducible hectorite clay in a short time using microwaves, 
obtaining purities up to 60% [7]. However, some silica remained in sample. Our objective in this work is to study 
different ways to obtain pure hectorite, and to check the influence of these procedures on the properties of purified 
samples. 
3. Experimental section 
3.1 Synthesis 
Hectorite was prepared according to the procedure reported in a previous work [7] in which brucite sheets were 
proposed to act as crystallisation nuclei of hectorite. Preparation was carried out as follows: A slurry (3 wt. % 
solids) containing SiO2, fresh brucite Mg(OH)2 (synthesised by precipitation of a 10 M ammonia solution onto 
MgCl2(aq)), and LiF, in a molar ratio 7.5 SiO2:3 Mg(OH)2:1 LiF was vigorously stirred for 1 h. Then, the sample was 
aged by autoclaving in laboratory microwave equipment (Milestone Ethos Touch Control), at 393 K for 8 h 
obtaining H1. In order to obtain pure hectorite several procedures were performed: 
- Separation by decantation, collecting the supernatant liquid from a H1 suspension that was stirred for 24 h 
and laid settling down for 2 days (H1-S)
- Treatment of H1 with a solution of Na2CO3 0.05 M at 393 K for 5 minutes. (H1-C).
- Decrease of SiO2 amount in the starting slurry using as molar ratio of reactants 4 SiO2:3 Mg(OH)2:1 LiF. 
After aging this slurry by autoclaving under microwaves at 393 K for 8 h, we obtained H2.
3.2 X-ray diffraction (XRD) 
XRD measurements were made using a Siemens D5000 diffractometer (Bragg–Brentano parafocusing geometry 
and vertical ș–ș goniometer) fitted with a curved graphite diffracted-beam monochromator and diffracted-beam 
Soller slits, a 0.06° receiving slit, and scintillation counter as a detector. The angular 2ș diffraction range was 
between 2 and 70°. Sample was dusted on to a low background Si(510) sample holder. The data were collected with 
an angular step of 0.05° at 3 s per step and sample rotation. CukĮ radiation was obtained from a copper X-ray tube 
operated at 40 kV and 30 mA.The X-ray diffractogram was analyzed using the program TOPAS 3.0 Reflection 
(001) was selected to determine the basal spacing of the samples. Reflection (060) was used to calculate the 
crystallite size of the sample sheets. 
3.3 N2 Adsorption 
N2-adsorption-desorption isotherms were recorded at 77 K using a Micromeritics ASAP 2000 surface analyzer. 
Prior to analysis samples were outgassed at 423 K. Specific surface areas were calculated from BET method. 
3.4 Transmission Electron microscope (TEM) 
Transmission electron micrographs were obtained with a JEOL 1011 transmission microscope operating at an 
accelerating voltage of 100 kV, and magnification values in the range 150k-200k. 
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4. Results and discussion 
TEM images of all samples (H1, H1-S, H1-C and H2) exhibited the lamellar structure typical of smectite clays. 
TEM images of H1 and H2 are shown in figure 1 as representative samples. The existence of smectite structure was 
confirmed by the XRD patterns of samples (Fig. 2), where we observed only one crystalline phase corresponding to 
hectorite. A very broad peak with a maximum at 2ș = 22.8° was assigned to amorphous silica by comparison with 
the SiO2 diffraction pattern included in the figure. The silica band was more appreciable in sample H1 than in 
samples H1-C and H2, resulting in a worse definition of (004) reflection (Fig. 2). Therefore, we can conclude that 
there was a decrease of remaining silica in these samples. In contrast, not important differences were observed in the 
difraction pattern of sample H1-S when comparing it to that obtained for sample H1 suggesting that the remaining 
amount of silica in samples H1-S and H1 was similar.  
Figure 1. TEM images of samples H1 and H2 (x100K). 
H1, H1-C and H2 had similar crystallinity, as deduced from their similar crystallite size, calculated from (060) 
refflection of XRD patterns (Table 1). The lowest crystallite size value obtained for sample H1-S may be explained 
by the the fact that not only the amorphous silica particles but also the biggest clay ones, settled down at the bottom 
and just the smaller clay particles remained in suspension. 
Figure 2. XRD patterns of silica, and studied samples. 
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Table 1. Characterisation data from XRD, and N2 physisorption techniques and CEC determination
Sample Basal spacing (Å) 
Crystallite size 
(0 6 0) (nm) 
BET surface 
area (m2/g) 
Hysteresis
type 
CEC
(meq/100g) 
H1 13.2 9.3 162 D, B 64 
H1-S 13.4 7.9 222 B 70 
H1-C 14.4 9.4 238 B 90 
H2 14.2 9.9 199 B 75 
The basal spacing was higher for samples H1-C and H2 (14.4 and 14.2 Å, respectively) than for H1 (13.2 Å) 
(Table 1). For conventional prepared hectorites, a higher basal spacing has been attributed to the presence of some 
residual brucite, (Mg(OH)2), in the interlayer space [8]. However, we think that the higher basal spacing observed 
for H1-C and H2 could also be related to the presence of higher amounts of interlamellar cations, which may mean 
a higher layer charge (Table 1). Nevertheless, the presence of Mg(OH)2 layers cannot be completely discarded 
although this phase cannot be detected by XRD. Again, not differences were observed when comparing basal 
spacing of sample H1-S and H1.
Figure 3 shows the FTIR spectra taken for samples H1, H1-S, H1-C 
and H2 and also for SiO2 for comparison. Bands were assigned taking 
into account the characterization data reported for clay samples [4, 9, 
10]. The band around 1027 cmí1 corresponds to the Si–O–Si ordered in 
the clay mineral layer and can be observed in all samples specially for 
H1-C and H2, confirming the XRD results. The appearance of one 
intense band around 1105 cmí1 together with a shoulder at 1200 cmí1
was related to the presence of the amorphous silica phase, being more 
intense for H1 and H1-S, in agreement with the XRD results. This 
agrees the enhacement of CEC values observed for the samples with 
less content of amorphous silica (H1-C and H2, Table 1) since CEC in 
silica is 0. The other IR band observed for samples at 666 cmí1 is 
associated to vibrations related to Mg–OH librations.  
From N2 adsorption-desorption isotherms, we observed interesting 
differences in the hysteresis shape of samples (Fig. 4, Table 1). Thus, in 
sample H1, hysteresis is a mixture of shapes B and D which 
corresponds to porosity of clay minerals with some contribution of non-
parallel platelets separated by small particles. In contrast, the other 
samples showed a B hysteresis type, related to pores formed by the 
superposition of crystalline parallel platelets. We also observed higher 
values of BET area for samples H1-S, H1-C and H2 than H1 (Table 1). 
This fact together with the differences observed in the hysteresis shape, 
is in agreement with the elimination of small silica particles that block 
the pores and change their shape. The highest increase in BET area 
when compared to H1 was observed in sample H1-C. This could be 
related to some disorder in stacking due to Na2CO3 treatment resulting 
in a loss of definition of (001) reflection (Fig. 2). In sample H2 the 
higher BET area value could be due to the higher crystallinity of this 
sample in spite of the absence of silica which blocks the pores.  
Figure 3. FTIR spectra of silica, and studied samples. 
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Figure 4. N2 adsorption-desorption isotherms of H1, H1-S, H1-C and H2. 
5. Conclusions 
Purer hectorite samples with different features were obtained by different procedures. Treating the hectorite with a 
Na2CO3 solution or decreasing the silica content in the starting slurry allowed us to obtain the purest hectorites. 
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